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SUMMARY 

^h3rmus,  spleen,  adrenal  glands,  and  small  intestine  of 
female  mice  exposed  to  aerosolized  T-2  mycotoxin  were 
examined  at  postexposure  hours  (peh)  0.25,  1,  2,  4,  6,  9, 
12,  and  24.  Lymphocyte  necrosis  was  observed  at  PEH  1 
in  the  thymus,  spleen,  and  lamina  propria  and  Peyer 
patches  of  the  sms^  intestine.  Necrosis  of  small  intestinal 
ciypt  epithelial  cells  was  observed  at  peh  2,  and  necrosis 
of  parenchymal  cells  and  increased  number  of  neutrophils 
were  seen  in  sinusoids  of  the  adrenal  cortex  at  peh  4. 
These  results  indicated  that  the  earliest  microscopic  evi¬ 
dence  of  T-2  mycotoxicosis  after  aerosol  exposure  was  ne¬ 
crosis  of  l3rmphocytes  in  the  thymus,  spleen,  and  lamina 
propria  and  Peyer  patches  of  the  small  intestine. 

•  '  \  t  ,  ■ 


The  T-2  toxin  is  a  biologically  active  fungal  metabolite 
produced  by  species  of  the  genus  Fusarium.  Cytotoxicosis 
associated  with  acute,  experimentally  induo^  T-2  my¬ 
cotoxicosis  commonly  is  observed  in  immature  lymphoid, 
hematopoietic,  and  intestinal  ciypt  epithelial  cells.  Ep¬ 
idermal  necrosis  after  topical  application  has  been 
reported.*'^  Myocardial  changes  have  been  reported  in  rats 
and  swine  after  administration  of  the  mycotoxin.^  ®  Re¬ 
cently,  we  reported  adrenal  cortical  necrosis  observed  in 
female,  but  not  male  mice,  after  aerosol  exposure.^ 

There  are  a  few  reports  in  the  literature  on  the  se¬ 
quential  development  of  T-2  mycotoxicosis  in  target  tis¬ 
sues;  these  reports  describe  lesions  in  chickens  emd  mice 
after  oral  exposure  to  the  toxin.^'^  Aerosol  exposure  to  T- 
2  toxin  results  in  peracute  to  acute  toxicosis  and  recently, 
has  been  reported  to  be  10  times  more  toxic  than  systemic 
administration  and  at  least  20  times  more  toxic  than  der¬ 
mal  administration.®  The  objective  of  the  study  reported 
here  was  to  characterize  the  sequential  histologic  changes 
in  various  target  organs  of  female  mice  exposed  to  a  sub- 
lethal  dose  of  aerosolized  T-2  toxin. 

Materials  and  Methods 

Mice— Female,  6-week-old  Swiss  ICR  mice,  weighing  15  to  20 
g  each,  were  obtained  from  the  Walter  Reed  Army  Institute  of 
Research  animal  breeding  colony.  They  were  grouped  6/open- 
bottom  polycarbonate  cage  and  were  fed  a  commercially  pre- 
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pared  ration*’  and  water  ad  libitum.  Room  contiitions  were  main¬ 
tained  at  24  C  and  50%  relative  humidity,  and  room  air  was 
changed  12  times/h.  The  light  cycle  was  12  hours.  The  mice 
were  acclimated  (1  week)  before  the  study  was  begun. 

Experimental  design— The  T-2  mycotoxin  in  ethanol  was  ad¬ 
ministered  by  10-minute  aerosol  exposure  to  each  of  3  groups 
of  12  mice.  Controls  consisted  of  1  group  of  8  mice  exposed  sim¬ 
ilarly  to  nebulized  ethanol  only  and  1  group  of  8  mice  exposed 
to  air  only.  Three  mice  from  the  T-2/ethanol  group,  1  mouse 
from  the  ethanol-only  group,  and  1  mouse  from  the  air-only 
group  were  killed  (cervical  dislocation)  at  postexposure  hours 
(peh)  0.25,  1,  2,  4,  6,  9,  12,  fmd  24.  To  allow  for  unexpected 
early  deaths,  the  T-2/ethanol  group  contained  12  more  mice 
than  was  required  for  necropsy.  The  order  of  exposure  was  air 
only,  ethanol  only,  and  T-2  and  ethanol. 

Chemico/s— Purified  (>  99%)  T-2  mycotoxin  was  obtained  as 
a  white  crystalline  powder.'  Purity  was  confirmed  in  this  lab¬ 
oratory  to  be  >  99%  by  results  of  thin-layer  chromatography 
and  gas  chromatography/mass  spectrometry  analyses.  Syn¬ 
thetic  [®H]T-2  mycotoxin  in  ethanol  was  obtained  (sp  act:  11  Ci/ 
mmol;  1.1  p.mol/ml).'* 

Aerosol  generation— Crystalline  T-2  mycotoxin  was  dissolved 
in  pharmaceutical-grade  ethanol  to  produce  a  final  solution  of 
25  mg/ml.  Fifty  microliters  of  [^H]T-2  mycotoxin  in  ethanol  was 
added  as  a  tracer.  The  test  aerosol  was  generated  from  the  T-2 
ethanol  solution,  using  a  nebulizer.'  Control  mice  were  exposed 
to  ethanol  nebulized  in  a  similar  manner. 

Aerosol  exposure— Hhe  dynamically  operated  aerosol  chamber 
was  designed  for  nose-only  exposure  to  the  T-2  mycotoxin  aer¬ 
osol.  Basically,  exposure  was  accomplished  by  placing  mice  in 
an  open-ended,  cone-shaped  holder  with  a  hole  small  enough  so 
that  only  the  nose  protruded  into  a  1.5-L  aerosol  chamber.  The 
chamber  was  operated  at  em  exposure  rate  of  2.2  L/min.  The 
aerosol  mass  concentration  varied  between  225  and  275  pg  of 
T-2  toxin/L  of  air  and  was  determined  for  each  aerosol  exposure 
from  a  grab  sample  of  the  T-2  aerosol  taken  from  the  aerosol 
exposure  chamber.  The  grab  seunples  were  obtained  by  drawing 
the  [“H]T-2  aerosol  from  the  exposure  chamber  at  the  rate  of  1 
L/min  for  1  minute  across  a  fiberglass  filter*'  held  in  a  standard 
filter  holder.*  The  fiberglass  filter  then  was  placed  in  a  standard 
scintillation  vial.  The  T-2  was  extracted  overnight  from  the  fil¬ 
ter  in  1  ml  of  ethanol;  then,  10  ml  of  scintillation  fluid  was 
added,  and  the  [*H]  on  the  filter  was  quantitated  24  hours  later 
by  use  of  a  scintillation  counter.**  The  quantity  of  T-2  on  the 
filter  then  was  calculated  on  the  basis  of  the  known  ratio  of 
[*’H]T-2  to  unlabeled  T-2  that  was  present  before  nebulization 
of  the  ethanol  solution  of  T-2. 
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TABLE  1  —  Extent  of  necrosis  in  various  organs  of  female  mice  exposed  to 


aerosol-administered  T-2  mycotoxin 


Mouse  No. 

After 

e]q>08ure 

Adrenal 

gland 

Small 

intestine 

Spleen 

Thymus 

1 

2 

15  Min 

- 

- 

_ 

- 

3 

4 

IH 

4 

4 

6 

- 

- 

4 

4 

6 

- 

- 

4 

4 

7 

2H 

- 

4 

4  4 

4  4 

8 

- 

4 

4  4 

4  4 

9 

- 

4 

4  4 

4  4 

10 

4H 

+ 

4 

4  4 

4  4 

11 

+  + 

4 

4  4 

4 

12 

+  + 

4  4 

4 

4 

13 

6H 

4  4 

4  4  4 

4  4 

4  4 

14 

4  4 

4  4  4 

4  4 

4  4 

15 

4  4 

4  4 

4 

4  4 

16 

9H 

4  4  4 

4  4  4 

4  4 

4  4 

17 

4  4  4 

4  4  4 

4 

4  4  4 

18 

4  4  4 

4  4  4 

4 

4  4  4 

19 

12  H 

4  4 

4  4 

4 

4  4  4  4 

20 

4  4  4 

4  4 

4 

4  4  4 

21 

4  4  4 

4  4  4 

4 

4  4  4  4 

22 

24  H 

4  4  4 

4  4 

4  4 

4  4  4  4 

23 

4  4  4 

4  4 

4  4 

4  4  4  4 

24 

4  4  4 

4  4  4 

4  4 

4  4  4  4 

Extent  of  necroaio;  - ,  normal;  + ,  mininml;  +  + ,  mUd;  +  +  + ,  moderate;  +  +  +  + , 

severe.  Grading  of  adrenal  gland  is  relative  to  the  zona  fasciculata.  Grading  of 

thymus  is  relative  to  the  cortex.  Grading  of  the  small  intestine  is  relative  to  the 

ciypt  epithelium. 


Fig  1  —Section  of  the  thymus  of  a  T-2  myootoxin-expoeed  female  nxxise 
at  poetaxpoeure  hour  24.  Notioe  the  extensive  pyknosis  and  karyorrhexis 
of  thymoi^  nuclei.  H&E  stain;  x  100. 


Fig  2— Section  of  the  spleen  of  a  mycotoxin-exposed  mouse  at  postex¬ 
posure  hour  24.  Notice  lymphocyte  necrosis  in  the  red  and  white  pulp.  H&E 
stain;  x  100. 


Light  microscopic  examination— Thymus,  spleen,  small  intes¬ 
tine  (ileum),  and  adrenal  glands  from  each  mouse  were  collected 
and  were  fixed  in  neutr^  buffered  10%  formalin.  After  dehy¬ 
dration  with  graded  concentrations  of  ethanol,  tissues  were  placed 
in  an  infiltration  solution  overnight.  Tissues  were  embedded  in 
JB-4  embedding  medium,  and  sections  were  cut  at  3  p.m  and 
stained  with  hematoxylin  and  eosin  (H&E).  All  tissue  sections 
were  examined  by  light  microscopy.  A  grading  system  to  char¬ 
acterize  the  extent  of  necrosis  was  designed  as  follows:  - ,  nor¬ 
mal;  -I- ,  minimal;  •+  -l- ,  mild;  -I-  -I-  -I- ,  moderate;  -I-  -I-  -I-  -I- ,  severe. 
The  criteria  for  necrosis  included  any  of  the  following;  nuclear 
pyknosis,  karyolysis,  karyorrhexis,  or  lysis  of  plasma  cell  mem¬ 
brane.  Two  veterinary  pathologists  (JDT,  RWT)  independently 
evaluated  the  4  target  tissues  for  evidence  of  necrosis.  The  final 
results  were  obtained  with  the  concurrence  of  both  pathologists. 


Results 

Female  mice  exposed  to  aerosolized  T-2  mycotoxin  de¬ 
veloped  necrosis  in  thymus,  spleen,  small  intestine,  and 
adrenal  glands  (Table  1).  The  quantity  of  necrosis  varied 
with  the  tissue,  but  was  observed  in  all  tissues  within  4 
hours  of  exposure. 

Minimal  necrosis  of  lymphocytes  was  seen  in  the  cortex 
of  the  th3rmus  at  peh  1  and  increased  to  a  severe  grade 
by  PEH  12.  At  PEH  12  and  24,  80  to  90%  of  the  cortical 
lymphot^tes  had  pyknotic  or  kjeuryorrhectic  nuclei  (Fig  1). 
Tingible-body  macrophages  were  commonly  observed 
within  the  cortex.  Although  the  necrosis  principally  in- 
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Fig  3— Section  of  the  small  intestine  of  a  mycotoxin-exposed  nxtuse  at  Fig  4— Section  of  the  adrenal  gland  of  a  T-2  mycotoxin-exposed  female 
postexposure  hour  24.  Necrosis  of  lymphocytes  in  the  lamina  propria  and  mouse  at  postexposure  hour  24.  Notice  extensive  necrosis  of  paretwhymal 

of  crypt  epithelial  cells  is  seen.  H&E  stain:  x  100.  cells  in  the  zona  fasciculata.  Neutrophils  and  small  foci  of  mineralized  de¬ 

bris  are  seen  in  the  necrotic  zone.  H&E  stain;  x  lOO. 


volved  the  cortex,  there  was  some  l3rmpholysis  in  the 
medulla. 

Minimal  necrosis  of  lymphocytes  in  the  red  and  white 
pulp  of  the  spleen  was  observed  at  peh  1.  The  £unount  of 
necrosis  was  mild  by  peh  2  and  remained  relatively  con¬ 
stant  through  PEH  24  (Fig  2).  Some  congestion  and  mod¬ 
erate  depletion  of  lymphotytes  were  seen  in  the  spleen  at 
PEH  12  and  24.  Megakaryocytes  in  the  red  pulp  remained 
morphologically  unaffected  in  all  mice. 

Sections  of  ileum  had  minimal  necrosis  of  crypt  epithe¬ 
lial  cells  at  PEH  2.  The  number  of  necrotic  crypt  cells 
increased  by  peh  6  and  remained  fairly  constant  through¬ 
out  PEH  24  (Fig  3).  A  marked  decrease  in  the  number  of 
mitotic  figures  in  the  crypt  epithelium  was  observed  at 
PEH  2.  Almost  complete  lack  of  mitotic  figures  continued 
until  PEH  9,  at  which  time,  they  began  to  increase  in 
number.  The  number  of  mitoses  at  peh  24  did  not,  how¬ 
ever,  reach  the  number  seen  in  control  mice.  Cytoplasmic 
vacuolation  of  enterocytes  on  or  near  the  villus  tips  was 
inconsistently  observ^  between  PEH  6  and  12.  We  ob¬ 
served  necrosis  of  lymphocytes  within  the  lamina  propria 
and  P^er  patches  at  PEH  1.  This  was  a  persistent  fin^g 
during  the  remaining  observation  periods.  Lacteals  oc¬ 
casionally  were  dilated  within  the  lamina  propria  of  some 
villi. 

Adrenal  glands  had  occasional  necrotic  parenchymal 
cells  and  sparse  numbers  of  neutrophils  in  sinusoids  at 
PEH  4.  These  changes  were  limited  to  the  inner  zona  fas¬ 


ciculata.  At  PEH  9,  neutrophil  concentration  and  paren¬ 
chymal  cell  necrosis  and  degeneration  were  increased.  The 
necrosis  was  characterized  by  pyknosis,  karyorrhexis, 
karyolysis,  cytoplasmic  vacuolation,  and  loss  of  well-de- 
fin^  parenchymal  cell  borders  and  remained  constant 
through  PEH  24  (Fig  4).  Parenchymeil  architecture  was 
reasonably  well  preserved  throughout  the  cortex,  with 
most  affected  areas  maintaining  vascular  integrity.  Mul¬ 
tifocal  congestion  of  vascular  channels  was  seen  sporad¬ 
ically.  Specimens  from  mice  examined  at  peh  24  had 
occasion^  small  fsci  of  mineralization  in  the  zone  of  pa¬ 
renchymal  cell  necrosis.  Accessoiy  adrenal  cortical  nod¬ 
ules  that  occasionally  were  detected  contained  zonal 
necrosis  similar  to  that  seen  in  the  cortex. 

Air-only  and  ethanol-only  control  mice  did  not  have 
appreciable  lesions.  Necrosis  of  individual  parench3Tnal 
cells  in  the  X  zone  of  the  adrenal  cortex  was  sporadically 
observed  in  control  and  toxin-exposed  mice;  this  change 
is  considered  normal  in  maturing  mice.  In  all  mice,  ex¬ 
tramedullary  hematopoiesis  was  seen  in  the  red  pulp  of 
the  spleen. 

Discussion 

In  this  study,  necrosis  of  lymphocytes  and  epithelial 
cells  in  target  organs  occurred  shortly  after  exposure  to 
T-2  mycotoxin  aerosol.  Chronologically,  cytolysis  devel¬ 
oped  in  lymphoid  cells  before  it  did  in  epithelial  cells. 
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Lymphocytes  in  the  cortex  of  the  thymus  had  morpho¬ 
logic  evidence  of  necrosis  starting  at  PEH  1.  These  im¬ 
mature  T  lympho<ytes  are  a  rapidly  dividing  population 
and  often  have  mitotic  indices  10  times  that  of  mature 
lymph  node  populations.^"  Lymphocytes  in  the  spleen  also 
had  early  evidence  of  necrosis,  but  this  was  quantita¬ 
tively  less  throughout  the  24-hour  period  than  that  seen 
in  the  thymic  cortex.  Some  necrosis  in  the  red  pulp  of  the 
spleen  undoubtedly  involved  extramedullary  hemato¬ 
poietic  tissue.  Lymphocytes  in  the  lamina  propria  and 
Payer’s  patches  of  the  small  intestine  also  had  necrotic 
changes  within  1  hour  after  exposure  to  the  toxin. 

The  crypt  epithelium  of  the  small  intestine  was  the 
first  nonlymphoid  tissue  to  have  cytolytic  changes.  Chick¬ 
ens  given  T-2  toxin  by  crop  gavage  are  reported  to  develop 
necrosis  in  villus  tip  enterocytes  before  necrosis  develops 
in  crypt  epithelium.®  In  contrast,  mice  of  this  study  de¬ 
veloped  necrosis  in  the  crypt  epithelial  cells  first  (PEH  2) 
and  subsequent  vacuolation  (degeneration),  sporadically 
in  the  enterocytes  of  the  villus  tips,  at  PEH  6,  9,  and  12. 
This  sporadic  vacuolation  of  villus  entercxytes  may  be 
related  to  the  decrease  in  mitotic  activity  observed  in  the 
crypt  epithelium.  Enterocytes  normally  migrate  from  the 
crypt  along  the  villi;  they  become  senescent  and  subse¬ 
quently  are  sloughed  at  the  villus  tip.*'  In  this  study,  the 
vacniolation  of  enterocytes  corresponded  to  the  period  in 
which  crypt  mitotic  activity  was  decreased  markedly. 
Prolonging  the  migration  time  could  amplify  the  normal 
degenerative  or  absorptive  changes  as  the  enterocyte  ap¬ 
proaches  the  villus  tip. 

In  this  study,  the  necrosis  of  parenchymal  cells  of  the 
inner  zona  fasciculate  was  detected  at  peh  4  and  was 
consistent  with  our  previous  observations.  In  that  report,® 
the  lesion  was  observed  in  femaie,  but  not  in  male,  mice 
after  aerosol  exposure  to  the  mycotoxin.  The  specificity 


of  the  toxin  for  causing  an  adrenal  lesion  in  only  one  sex 
of  mice  appears  to  be  unique.  Recent  unpublished  data 
from  our  laboratory  indicate  that  the  adrenal  lesion  also 
is  observed  in  castrated  male  mice.  Reseeu'ch  is  crurrently 
underway  to  determine  whether  exogenous  testosterone 
has  a  protective  effect  on  the  adrenal  parenchyma  of  cas¬ 
trated  male  mice. 
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